shaped, motile by gliding and grew at temperatures up to 49 6C. They produced acid from carbohydrates and possessed oxidase, catalase, b-galactosidase and agarase activities. The predominant cellular fatty acids were iso-C 15 : 0, iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), iso-C 17 : 1 v9c and iso-C 15 : 0 3-OH. The DNA G+C content was 47-49 mol%. On the basis of phenotypic and genotypic characteristics, strains KMM 3531 T and KMM 3953 represent a novel genus and species, for which the name Members of the family Flavobacteriaceae (Bernardet et al., 2002) (www.bacterio.cict.fr/f/flavobacteriaceae.html) are commonly recovered from the surfaces of various algae inhabiting coastal waters. The green algae belonging to the genus Ulva harbour strains affiliated with bacterial taxa such as Cellulophaga, Flavobacterium, Gelidibacter and Salegentibacter (Lam & Harder, 2007; Marshall et al., 2006; Nakanishi et al., 1996) .
During a study of the taxonomic diversity of the bacterial epiphytes of Ulva fenestrata collected from Posiet Bay of the Sea of Japan (also known as the East Sea), two novel strains were isolated and their taxonomic positions were analysed using a polyphasic approach.
For strain isolation, 0.1 ml algal tissue homogenate was plated on marine agar 2216 (Difco). After primary isolation and purification, the strains were cultivated at 28 u C on the same medium and stored at 280 u C in marine broth 2216 (Difco) supplemented with 20 % (v/v) glycerol.
An almost-complete 16S rRNA gene sequence of isolate KMM 3531 T was determined using PCR amplification and direct sequencing (Hiraishi, 1992) . The conditions and reagents used for the PCR amplification and sequencing of the 16S rRNA gene were as described previously (Suzuki et al., 2001) . The sequence was aligned on the secondarystructure model maintained by the European small subunit ribosomal RNA database (Van de Peer et al., 2000) , using the profile-alignment program of CLUSTAL W (Thompson et al., 1994) . Evolutionary distances were then computed with MEGA, version 3.1 (Kumar et al., 2004) , using the twoparameter model (Kimura, 1980) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods. A maximum-likelihood analysis was also performed, using fastDNAml (Felsenstein, 1981) . To evaluate the topology of the neighbour-joining phylogenetic tree, a bootstrap analysis based on 1000 replicates was performed using the SEQBOOT and CONSENSE programs in the PHYLIP 3.572 package (http://plaza.snu.ac.kr/~jchun/phydit/). Extraction of genomic DNA, PCR-mediated amplification of the 16S rRNA gene of strain KMM 3953 and sequencing of purified PCR products were carried out as described by Rainey et al. (1996) . The 16S rRNA gene sequence was aligned with published sequences retrieved from EMBL, using CLUSTAL_X (Thompson et al., 1997) and edited using BioEdit (Hall, 1999) .
Analysis of the 16S rRNA gene sequences of strains KMM 3531 T and KMM 3953 (1401 and 1403 nt, respectively) revealed that the strains belong to the family Flavobacteriaceae, forming a phylogenetic cluster with the genera Costertonia, Flagellimonas, Muricauda, Kriegella, Zobellia and Maribacter (Fig. 1) T . The maximum-likelihood phylogenetic tree showed essentially the same topology (data not shown). Therefore, the two novel strains can be assigned to the family Flavobacteriaceae, in which they form a distinct lineage representing a separate genus, according to the criteria outlined by Stackebrandt & Goebel (1994) .
DNA was isolated by following the method of Marmur (1961) and the DNA G+C content was determined by means of the thermal denaturation method (Marmur & Doty, 1962) . The DNA G+C contents of strains KMM
3531
T and KMM 3953 were 49.0 and 47.9 mol%, respectively.
The DNA-DNA relatedness between the two strains was determined spectrophotometrically and initial renaturation rates were recorded as described by De Ley et al. (1970) . The DNA-DNA relatedness between strains KMM 3531 T and KMM 3953 was 93 %: on the basis of the criteria of Wayne et al. (1987) , this value confirms that the two strains represent the same species.
To compare the whole-cell fatty acid profiles of the novel strains and their nearest neighbours, strains KMM 3531 T , KMM 3953, Costertonia aggregata KOPRI 13342 T and Flagellimonas eckloniae DOKDO 007 T were grown under the same conditions [i.e. on marine agar 2216 (Difco) at 28 u C for 48 h] and their fatty acid compositions were analysed according to the standard protocol of the Microbial Identification System (Microbial ID). The fatty analysis of K. aquimaris KMM 3665
T and the type strains of species of the genus Zobellia had been performed using the same procedure, except that the bacteria had been grown for 24 h (Nedashkovskaya et al., 2004b (Nedashkovskaya et al., , 2008 .
The predominant cellular fatty acids (i.e. constituting ¢5 % of total fatty acids) of strains KMM 3531 T and KMM 3953 were the straight-chain and branched-chain saturated and unsaturated fatty acids iso-C 15 : 0 (30.8 %), iso-C 17 : 0 3-OH (22.6 %), iso-C 15 : 1 G (14.8 %), summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 6.9 %), iso-C 17 : 1 v9c (5.4 %) and iso-C 15 : 0 3-OH (5.2 %) ( Table 1) . Isoprenoid quinones were extracted and analysed using the method of Nakagawa & Yamasato (1993) . The major isoprenoid quinone in both strains was T and type strains of recognized members of the family Flavobacteriaceae. The tree was generated using the neighbourjoining method (Saitou & Nei, 1987) . The 16S rRNA gene sequence of Flavobacterium aquatile ATCC 11947 T (M62797) was used as an outgroup. Numbers at nodes indicate bootstrap percentages (based on 1000 replicates); only values .50 % are shown. Filled circles indicate nodes that were also recovered in the tree generated using the maximum-parsimony method (Fitch, 1971) . Bar, genetic distance of 0.01 K nuc .
MK-6, in line with all members of the family Flavobacteriaceae.
Physiological and biochemical features of strains KMM 3531
T and KMM 3953 were tested as described by Nedashkovskaya et al. (2004a, b) and by using API 20E, API 20NE and API ZYM galleries (bioMérieux) according to the manufacturer's instructions (except that the incubation temperature was 28 u C).
The novel isolates were heterotrophic, aerobic, dark-orangecoloured, Gram-negative organisms. Their main physiological and biochemical characteristics are given in Table 2 and in the genus and species descriptions. Cells were motile by gliding, grew at temperatures of up to 49 u C and decomposed agar, gelatin and DNA. In addition, strains KMM 3531
T and KMM 3953 were characterized by the production of flexirubin-type pigments. The two strains differed from each other in several respects: in contrast to strain KMM 3531 T , strain KMM 3953 was able to produce acid from galactose, glucose, lactose, maltose, sucrose and cellobiose and was resistant to ampicillin. The differential properties of the two strains and related members of the family Flavobacteriaceae are shown in Table 2 . Therefore, the molecular data and phenotypic characteristics of strains KMM 3531 T and KMM 3953 strongly support their affiliation to the family Flavobacteriaceae of the phylum Bacteroidetes. However, the phylogenetic distances (.5 %) and differences in the fatty acid, physiological and biochemical data between the novel isolates and related bacteria justify the description of a new genus and novel species, for which the name Pseudozobellia thermophila gen. nov., sp. nov. is proposed.
Description of Pseudozobellia gen. nov.
Pseudozobellia (Pseu.do.zo.bel9li.a. Gr. adj. pseudes false; N.L. fem. n. Zobellia the name of a bacterial genus; N.L. fem. n. Pseudozobellia the false Zobellia). 5.4 4.8 6.4 6.1 2.9 2.4-5.1 Summed features* 3 6.9 6.4 9.4 12.0 4.5 9.9-15.5 4 -tr 1.0 ---*Summed features are fatty acids that could not be separated using the MIDI system. Summed feature 3 consists of C 16 : 1 v7c and/or iso-C 15 : 0 2-OH. Summed feature 4 consists of iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
Cells are strictly aerobic. Gram-negative. Cells do not form endospores. Non-diffusible pigments are produced. Chemo-organotrophic. Positive for cytochrome oxidase, catalase and alkaline phosphatase. The predominant cellular fatty acids are branched-chain saturated and unsaturated and straight-chain unsaturated fatty acids iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), iso-C 17 : 1 v9c and iso-C 15 : 0 3-OH. The main respiratory quinone is MK-6. The DNA G+C content of the type species is 47-49 mol%. 16S rRNA gene sequence analysis indicates that the genus Pseudozobellia is a member of the family Flavobacteriaceae in the phylum Bacteroidetes. The type species is Pseudozobellia thermophila.
Description of Pseudozobellia thermophila sp. nov.
Pseudozobellia thermophila (ther.mo9phi.la. Gr. adj. thermos hot; Gr. adj. philos loving or having affinity for; N.L. fem. adj. thermophila heat-loving).
Exhibits the following properties in addition to those given in the genus description. Cells are regular rods, motile by gliding, and 0.2-0.4 mm in width and 1.0-3.2 mm in length. On marine agar 2216, colonies are 2-3 mm in diameter, circular, shiny with entire edges, dark-orange-pigmented and sunken into the agar. Flexirubin-type pigments are produced. Growth occurs at 4-49 u C and with 0.5-8 % NaCl (optimum, 4-5 % NaCl T 5KCTC 22016 T ), was isolated from the green alga Ulva fenestrata in Posiet Bay, Sea of Japan (also known as the East Sea). A reference strain, KMM 3953 (5KCTC 22017), was isolated from the same source. 
